OBJECTIVE -The purpose of this study was to assess the reliability and validity of the Diabetes Diet-Related Quality-of-Life (DDRQOL) scale, which is a measure of the influence of diet therapy on patients' quality of life (QOL).
T
he prevalence of diabetes is rapidly increasing all over the world (1) . The same is true of Japan, and the number of the people who are strongly suspected to have diabetes is estimated to amount to 7.4 million (2). Because diabetes is a chronic disease, life-long treatment for maintaining glycemic control is necessary (3) . Above all, diet therapy should be the basic treatment approach for all patients with diabetes (4) .
Although the efficacy of diet therapy in diabetes is widely recognized (4) , it is by no means easy for patients to learn and sustain self-management behaviors (5). The burden and difficulty felt in adhering to diet restrictions, as well as the conflict between having to carry out social roles and the necessity to sustain selfmanagement behavior, have been revealed to have a great influence on the patients' quality of life (QOL) (6 -10) . Therefore, patients are known to show a declined diet-related QOL. Diet education for diabetic patients is aimed at improving the patients' QOL while maintaining proper glycemic control (11) . Accordingly, determination of the diet-related QOL appears to be of great significance. However, most of the diabetesspecific QOL scales developed to date (10, (12) (13) (14) (15) (16) have been designed mainly to evaluate new treatments and complications. Therefore, items related to diet are limited; these scales may not necessarily be appropriate for the assessment of the needs of a patient's diet and the evaluation of the intervention in the form of diet education. For these purposes, diet-related QOL scales, which are designed to evaluate multiple aspects of the QOL, are believed to be more appropriate. While dietrelated QOL scales have been developed for the general population, patients with renal failure, and the elderly (17) (18) (19) , such a scale for diabetic patients has yet to be developed. The objectives of this study were to develop the diet-related QOL scale for individuals with diabetes and to evaluate its reliability and validity.
RESEARCH DESIGN AND METHODS -Among the diabetic patients attending the outpatient clinic of the Department of Internal Medicine at a general hospital in Gunma Prefecture in the North Kanto District of Japan, 291 patients who satisfied the following conditions were selected as subjects. The inclusion criteria were: diagnosis of type 2 diabetes, age 40 -65 years, and at least a 6-month interval after the diagnosis of diabetes. The exclusion criteria were: serious underlying disease, cognitive disorder, or psychiatric disorder interfering with diabetes diet therapy, inability to fill out the self-administered instrument, and restriction of protein intake as advised by a doctor. The patients in the last category were excluded because the composition of the diet in these patients would be different. The study period was between July and October 2002.
The subjects were selected on the basis of the information provided by the physicians of the general hospital. When the subjects visited the hospital, the hos-pital staff handed out a document requesting their cooperation for this study. The investigator obtained written informed consent from the individual patients and handed them the selfadministered instrument. After informed consent had been obtained, detailed information was collected from the medical records. Two weeks after the first survey, the instrument was sent again by mail to the 150 patients who had given informed consent to evaluate the reproducibility of the scale.
Measures
The Diabetes Diet-Related Quality-of-Life (DDRQOL) scale was compiled by a slight modification of the Renal Failure DietRelated QOL scale of Suzukamo et al. (17, 18) . The scale of Suzukamo et al. was designed to determine the quantitative and qualitative satisfaction with diet and the degree of restriction of daily life and social life functions due to the dietary changes. It consists of the following eight subscales: 1) satisfaction with diet, 2) psychological burden of diet therapy, 3) physical burden of diet therapy, 4) perceived merits of diet therapy, 5) general perception of diet, 6) restriction of social functions, 7) vitality, and 8) mental health. The subscales 1-4 were designed to determine the QOL directly related to diet therapy. The subscales 6 -8 were applied or transferred from the SF-36 Japanese version (20 -22) as a comprehensive scale of the health-related QOL reflecting the restriction of daily life functions. The Renal Failure Diet-Related QOL scale further includes two items for exploring the effects of any changes in the diet during the previous 1 year and the compliance with the diet therapy, but they are not used for evaluation of the subscale scores. The response to each item was scored on a 5-point Likert scale. For calculation of the subscale scores, the sum of the scores for each item of the subscale was reflected as a figure between 0 and 100. A higher subscale score is reflective of a better QOL.
For this study, the Renal Failure DietRelated QOL scale was modified to compile the DDRQOL scale. The modifications were as follows: the terminology changes from "protein restriction" to "energy restriction" in three places and the addition of two items relating to perceived merits of diet therapy. As a result, the DDRQOL scale consisted of a total of 31 items. Among these, 17 items directly pertained to diet therapy. The basis for modification of the scale and the face validity were examined based on the opinions of one diabetologist, two certified diabetes educators, and two nurses with experience in taking care of diabetic patients.
For examination of the convergent and discriminant validity of the DDRQOL scale, the SF-36 Japanese version (20 -22) , which is widely used as a comprehensive scale to evaluate health-related QOL, was used. In the SF-36, a higher subscale score is reflective of a better QOL.
As background factors for the subjects, age, sex, occupation, academic background, whether living with any family members, method of treatment of diabetes, duration of diabetes, HbA 1c , and BMI (which were determined at the time of examination) were investigated.
Data analysis
The reliability and validity of the DDRQOL scale were evaluated by the following procedure. Factor analysis (principal factor method, promax rotation) of the 17 items reflective of the QOL directly related to diet therapy was performed to evaluate the factor validity. For evaluation of the convergent and discriminant validity, Spearman's rank correlation coefficients between the DDRQOL scale and each of the SF-36 subscale scores were calculated. Then the following hypotheses were examined: 1) "satisfaction with diet" is moderately associated with "vitality" and "mental health," 2) "burden of diet therapy" is moderately associated with "social functioning" and "mental health," and 3) "restriction of social functions" is moderately associated with "social functioning" and "role emotional." Cronbach's ␣-coefficient was calculated for each subscale to examine the internal consistency. The intraclass correlation coefficient was calculated for each subscale, and the weighted k coefficient for each item was calculated to evaluate reproducibility. SPSS 11.0J for Windows was used for the analysis, and the level of significance was defined as 5% (two-sided test). RESULTS
Subjects' background
Of the 291 patients who satisfied the eligibility criteria, 238 patients gave their informed consent for the study, and the filled-in instruments were collected from all of these patients. Two patients were excluded from the analysis because they had not responded to Ͼ20% of the questions in the instrument. Thus, 236 patients (99.3% effective response ratio) were included in the final analysis. The reasons for failure to obtain informed consent from other patients were as follows: no time (14) , declined vision (8) , not on diet therapy (4), poor health condition (3), and unknown (24) . In the testretest, the instrument was collected from 133 of the 150 patients it was given to, and all of them gave effective responses. The effective response ratio was 88.7%. The subjects' background characteristics are presented in Table 1 .
Analysis of each item
The distribution of the responses to each item was examined. No marked bias was noted in the choices of response for any of the items. Two items, i.e., changes in diet during the previous 1 year and compliance with diet therapy, were excluded, and the remaining 29 items were included for the following analyses.
Factor validity
For the examination of factor validity, four factors were established for the 17 QOL items that were directly related to diet therapy, according to the scale of Suzukamo et al. (17, 18) , but the expected factor structure was not obtained. Therefore, according to the scree plot, three factors were established, and the analysis was conducted. As a result, unlike the Renal Failure Diet-Related QOL scale, "psychological burden of diet therapy" and "physical burden of diet therapy" were combined into one factor. All variables contributed to only one factor, with a factor loading of Ն0.4 (Table 2) . Judging from the contents of the items of the psychological burden and physical burden of diet therapy factors, interpretation of them as one factor was possible. Therefore, this factor was referred to as "burden of diet therapy." Thus, the DDRQOL scale consisted of seven subscales. Concerning the correlations among the subscale scores for the DDRQOL, there were almost no correlations among the QOL factors that were directly related to diet therapy subscales, namely, "satisfaction with diet," "burden of diet therapy," and "perceived merits of diet therapy." Spearman's rank correlation coefficient between the "burden of diet therapy" and "restriction of social functions" was 0.46 (P Ͻ 0.01), suggesting a moderate positive correlation. In contrast, a negative correlation ( ϭ Ϫ0.20, P Ͻ 0.01) was observed between the "perceived merits of diet therapy" and the "restriction of social functions." "General perception of diet" showed a weak correlation with all of the subscales except "restriction of social functions."
Convergent and discriminant validity
Spearman's rank correlation coefficients for the DDRQOL scale and the SF-36 subscale scores are shown in Table 3 . As hypothesized, "satisfaction with diet" showed stronger correlations with "vitality" and "mental health" than other subscales, and "burden of diet therapy" showed stronger correlations with "social functioning" and "mental health" than with other subscales. "Restriction of social functions" showed a strong correlation with "social functioning," but its correlations with "role physical" and "mental health" were stronger than that of "role emotional." "Perceived merits of diet therapy" showed no significant correlations with any subscale of SF-36.
Internal consistency
Cronbach's ␣-coefficient for each of the subscales of the DDRQOL was between 0.71 and 0.84 (Table 4) .
Reproducibility
The intraclass correlation coefficient for each subscale calculated using the data for the 133 subjects who sent back their responses for the test-retest was between 0.46 and 0.75 (Table 4 ). The weighted k coefficient for each variable was between 0.36 and 0.70.
CONCLUSIONS -We developed the DDRQOL scale as a scale that can be used for the assessment of diet-related QOL and the evaluation of intervention in the form of diet education in diabetic patients and evaluated its reliability and validity. According to the report of Suzukamo et al. (17, 18) regarding patients with chronic renal failure, the results of the factor analysis of the QOL directly related to diet therapy suggested a four-factor structure. In our study, however, "psychological burden of diet therapy" and "physical burden of diet therapy" were included as one factor, and a three-factor structure was suggested. The different factor structure from the diet-related QOL for renal failure may be explained as follows. Because patients with diabetic nephropathy were excluded from this study, the focus of the patients' diet therapy was on the restriction of energy intake. In the case of patients with chronic renal failure, on the other hand, the quality of the diet is restricted more severely because protein, salt, and potassium are also restricted, and it takes more time and trouble to prepare this diet for patients than the diabetes diet. Moreover, the use of therapeutic food supplements imposes additional economic burden. Such differences in relation to diet therapy between the two conditions might have affected the results.
Examination of the correlations among the subscale scores for the DDRQOL showed almost no correlations among the QOL directly related to diet therapy subscales. These findings suggest that "satisfaction with diet," "burden of diet therapy," and "perceived merits of diet therapy" constitute the diet-related QOL as independent concepts. Moreover, a moderate positive correlation was observed between "burden of diet therapy" and "restriction of social functions," and a negative correlation was noted between "perceived merits of diet therapy" and "restriction of social functions." It is possible that the patients perceive the diet therapy as a burden or fail to perceive the merits of the diet therapy because it restricts social functions. Further examination is necessary to clarify the intrafactor structure.
As to examination of the convergent validity and discriminant validity, SF-36 was used in the same way as in the development of the diet-related QOL scale for renal failure, because an appropriate scale for evaluation of the validity of the construct concepts is not available. As a result, almost the same results as hypothesized were obtained. "Perceived merits of diet therapy" was regarded as a concept that was not included in SF-36 and did show a significant correlation with any subscale of SF-36. There were no other items that were particularly difficult to interpret, which generally appeared to suggest good convergent validity and discriminant validity of the scale (23) . These results indicate the possibility of expressing the diet-related QOL of diabetic patients with greater sensitivity.
Because Cronbach's ␣-coefficient was 0.7 or higher for all subscales, strong internal consistency was confirmed (24) . Concerning the reproducibility, the intraclass correlation coefficient was 0.7 or higher for four of the seven subscales (23) and that for "mental health" was 0.67. The intraclass correlation coefficient for "general perception of diet" and "restriction of social functions" was slightly low, probably because of the small number of items included in these subscales. Furthermore, in almost all instances, the weighted k coefficient was over the standard of Ն0.4 (23) .
In previous evaluations of diabetic patient education, mainly indicators such as QOL, HbA lc , and self-management behavior have been used (25) . Although diet education support was considered necessary to maximally improve the QOL, in addition to maintenance of proper glycemic control and prevention of complications (11) , no indicators exist for evaluating what these patients' perceptions are in relation to diet and whether the diet education helps in improving the QOL of the patients. It may be possible to use the DDRQOL scale to assess the areas of concern for patients. Furthermore, it is significant in that it enables quantitative evaluation of the effects of diet education from the aspect of the QOL. Moreover, because this scale consists of seven subscales, it would seem that it might allow understanding of the details of the changes from multiple dimensions. The DDRQOL scale is believed to enable evaluation of the effectiveness of diet education by the medical staff from the point of view of QOL.
In this study, a scale was developed for middle-aged patients with type 2 diabetes in Japan. In many cases, dietitians and nurses, focusing on how to use a food exchange list, perform the education of diet therapy in Japan. Further study is required for its application to other ethnic populations and patients with type 1 dia- betes as well as to younger patients and elderly patients with type 2 diabetes.
In conclusion, the DDRQOL scale was found to have a reasonable degree of reliability and validity. Therefore, its application for the assessment of patients' needs and the evaluation of intervention in the form of diet education in diabetic patients is awaited.
